The use of dedicated cardiac multi-pinhole cadmium-zinc-telluride (CZT) single-photon emission computerized tomography (SPECT) systems enabled the acquisition of images with a higher number of counts, higher quality images, ultrafast acquisitions, dose reduction, and similar diagnostic accuracy using the same radiotracers that are used for parallel hole SPECT myocardial perfusion imaging (MPI) cameras. Also, CZT systems allows dynamic acquisition of the tomographic images suitable for in vivo assessment of radiotracer kinetics and opens up a new era for myocardial flow and flow reserve measurement using SPECT imaging. 1 Despite the high cost of these new cameras, its use is increasing around the world.
The use of dedicated cardiac multi-pinhole cadmium-zinc-telluride (CZT) single-photon emission computerized tomography (SPECT) systems enabled the acquisition of images with a higher number of counts, higher quality images, ultrafast acquisitions, dose reduction, and similar diagnostic accuracy using the same radiotracers that are used for parallel hole SPECT myocardial perfusion imaging (MPI) cameras. Also, CZT systems allows dynamic acquisition of the tomographic images suitable for in vivo assessment of radiotracer kinetics and opens up a new era for myocardial flow and flow reserve measurement using SPECT imaging. 1 Despite the high cost of these new cameras, its use is increasing around the world.
However, sensitivity of a detection system that uses pinhole collimators is significantly degraded by increasing the distance between the target organ and the detector. 2 Also, detection geometry of the detectors, depth of the organ, and attenuation artifacts are different reasons for the loss of sensitivity. Current attenuation correction systems help to correct these artifacts by utilizing the X-ray transmission images, which estimate the linear attenuation coefficients of voxels that form the attenuation map. Investigators have reported improvement in the specificity and normalcy rate of attenuationcorrected (AC) images in a general population, without reducing sensitivity. 3 CZT cameras are able to detect a larger number of photons per unit of time, but consequently the amount of noise in the acquired image increases proportionally, especially in attenuation corrected images. 1 Besides the loss of photon sensitivity that decreases with increasing distance from the pinhole collimators, there is a greater variability over the field of view (FOV) than in a parallel-hole camera. In this issue of the Journal, Cuddy-Walsh et al. evaluated if this variation of sensitivity and the spatial gradients will lead to gradients in image noise within the FOV and if there is impact in the efficacy of visual and quantitative image interpretation with a normal database. 4 Also, it was analyzed if the heterogeneous attenuation of different regions of the heart increases the noise gradient in multi-pinhole camera images and introduces a noise gradient in parallel-hole camera images. These effects could impact the clinical sensitivity of disease detection for different areas of the heart. Therefore, the authors quantified the extent of the noise gradient and evaluated differences between multi-pinhole and standard parallel-hole SPECT cameras regarding image noise gradients and variability within normal databases both with and without attenuation correction. The authors demonstrated that image noise and normal database uncertainty increased from the apex to the base of the heart in attenuation-corrected multi-pinhole SPECT images, but not in non-attenuation corrected images or those acquired with a parallel-hole camera.
This study is interesting and has the virtue to be the first work to evaluate the non-uniform photon sensitivity and the heterogeneous attenuation in cameras on the spatial distribution of image noise. However, when normal database analysis is used, the uncertainty should impact the statistics calculated as part of the normal database development. Thus it should be one of the factors the analysis software uses in evaluating normal/ abnormal images.
Even though the authors demonstrated that there is an image noise gradient in attenuation-corrected images acquired with multi-pinhole cameras, the clinical impact of this information comparing the extent of ischemia of these studies with non-attenuation-corrected images acquired with multi-pinhole cameras was not analyzed. This investigation evaluated the noise characteristics of the reconstructed images using images that were evaluated normal. No investigation was made into lesion detectability. For this purpose, stress images and different protocols should have been used.
Multiple studies have assessed the diagnostic performance of CZT SPECT with computed tomography (CT) AC, using invasive coronary angiography as a comparator. These studies demonstrated improved diagnostic confidence and accuracy with CT AC. [5] [6] [7] Recently, Kennedy et al. demonstrated that specifically designed databases for solid-state CZT cardiac SPECT provide accurate quantitation of perfusion scores concordant with those previously validated for conventional SPECT 8 (Figures 1 and 2) . It is important to point out that the same concordance was not achieved using solely the normal default database available for the conventional system. AC and non-AC CZT scores differed significantly, especially in men. Therefore, even though Cuddy-Walsh et al. demonstrated that noise heterogeneity in multi-pinhole camera images increases with the use of attenuation correction, there is no data showing that this gradient impacts clinical diagnostic accuracy.
Grossman et al. developed a gender-independent stress normal database, and criteria for abnormality for attenuation-corrected rest-stress technetium 99m sestamibi same-day myocardial perfusion imaging were developed by evaluation of 112 patients, validated against an obese population of 95 patients from four different clinical sites, and compared with conventional gender-matched database quantification of non-attenuation-corrected studies. 9 It was demonstrated that attenuation-corrected studies can be quantified with a single gender-independent normal database and a single criterion for abnormality without loss of sensitivity and with significantly better specificity and normalcy rate ( Figure 3 ). However Cuddy-Walsh et al. demonstrated in their study that there are differences in the underlying noise and it is large enough in multi-pinhole SPECT images such that the uncertainty in normal databases is not made independent of gender by attenuation correction. They suggest the use of specific gender databases for attenuation corrected multi-pinhole SPECT studies.
The use of multi-pinhole cameras is growing in nuclear cardiology labs and it is possible to incorporate AC in these systems. AC enhances clinical interpretation and improves confidence. It also improves quantitative analysis, yielding a significantly higher normalcy rate and specificity without a significant loss in sensitivity. Quantitative analysis is an important tool in nuclear cardiology and ischemia quantification is used for clinical management. When attenuation correction is used, it is necessary to integrate attenuation correction normal databases for quantification. What is really important is that physicians should know that the use of cameraspecific and reconstruction algorithm-specific normal databases for quantitative analysis is the best practice. 
